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A METHOD AND AKRANGEMENT FOR CONTROLLING THE 
TEMPERATURE OF THE OUT STREAM FLOW FROM A HEAT 
EXCHANGER AND MEASURING PRODUCED H£AT 

The present invMtioii relates to a method and a device for controlling the 
temperature of at least one outbound secondary flow in a secondary circuit from a heat 
exchanger throu^ a primary flow in a primary dicuit, via a control member which can 
be affected by a control unit, which member regulates ttie primary flow. The invention 
also relates to a method for measuring yielded power and heat quantity. 

BACKGROUND OF THE INVENTION AND THE FROBI.EM 

During delivery of hot tap water in district heating station, a primary flow of 
centrally heated water, which is conducted into a heat exchanger, where a secondary 
flow of hot tap water is heated to a constant consuming temperature in the heat 
exchanger. Control of the constant consuming temperature on the secondary side have 
been obtained in the distzict heating station, either throu^ automatic mechanical, or 
through electronic control devices, which control the temperature on the basis of 
con:ection of the difference betwem desired and actual outbomid temperature on the 
secondary side through fieedbadc temperature measurement from the secondary side. 
Whenever dectronio contcol devioes are used, H or FID regulators are commonly used» 
which control ttie flow on the primary side by, d^ending on die presesot outbound 
temperature on the secondary side, closing or op^iing a valve on the primary side. Thm, 
the beating effect on tlie primary side is regulated, so that tb^ 
temperature on the hot tap wares: is obtained. 

Both the mechanical and the electronic systems exhilnt drawbacks, since die 
control is not as fast as would be desirB4 whereby there inay be a delay before the 
correct outbound tenq^eramre is reached on the secondary side. This entails a lag before 
the correct temperature is obtained at the tsp location of the secondary circuit, and, in 
the worst case, a risic of scalding. 

Another drawback is fbat an oscillation in the control easily arises, since it is , in 
practise, impossibly to optinaise the regulating equipment with respect to all occuixing 
operating conditions. The conducting temperature and difference pressure of the district 
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heating system, ie,, the primary aide, varies during die year and along the path of the 
district heating line. 

The pressuie fluctuarions Id die district heating fiystem axe pardy d&p&id&nt on 
the present distance from the heat source, partly on the relative position of the district- 
heating central in the system. The statically programmed characteristics of the regulators 
cannot be optimised with respect to all occuning operation scenarios, which entails, 
among other things, oscillations of the outbound temperature during certain ppexaring 
conditions* The temperature osciltecions entail e.g. the following potential drawbacks. 

Poor comfort at t^ locations with a small smoothening effect from the line 
system, which I particnlariy noticeable in smgle household residential prop^ty. 

Ihcreased calcification of heat exchangers when tenqieratuies above 60** C are 
reached. Increased wear of regulating members. 

Impaired cooUng of the district heating system, which may entail lar^ge 
pxoduction costs. 

A system is previously known from US 5,363,905, where a feedback temperature 
from die secondary side is used to affect the regulatory valve on the primary side. This 
type of solution corrects different piressiues on the primary side, but it does not provide 
the desired rapid corrBction of the temperature during fluctuations in the flow of hot tap 
water on the secondary side* in this case, measuring of the pressure drop over a 
constriction in die primary circuit is used, as well as pressure measurement on the 
primary side, but also measurement of the temperature before and after the heat 
exchanger on the primary side. This system becomes relatively expensive, since two 
pressure gauges are needed on the primary side, and can not readily provide rapid 
regulation of the temperature on the secondary side upon sudden changes of the tap flow 
on die secondary side. The regulatory measures will not come into action until the 
temperature actually drops on the secondary side» and die typical oscillations of the hot 
tap water tBnq)«:atur& are obtained. 

EP 0,526,884 discloses a regulatory technique from tbemio printers, in which the 
write bead is controlled to a constant tMaperature, primarily by regulating the electric 
raergy deliveied to die print head, and secondarily by an adjustably compensating 
coolant flow. The tenqjcranire of the thMual head is nieasured by a fte 
sensor, and tiie t^iq)eacatur& of the removed coolant fluid is measured by a seccmd 
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te^^»el:atu^e seosor. The system calculates the lemoved heatxng capacity in the coolant 
flow by measuzing and regulating the coolant flow, and noeasmes the tempezatme of the 
inbound, as well as the outbound (heated)» coolant flow. 

Throng WO 96/17210, a contxal system for a district heating plant is 
5 previously known, in which is compidsed temperanue measoimients, and measurement 
of the flow on the pzimasy side> with the puzpose to provide the desiied control, and to 
calculate the consumed power to be billed to the customer. Also in this case* flow 
measurement was not used on the secondary side, meaning that the system likely is 
subjected to oscillations in die tempetatuie of the outbound water on the secondary 
10 side. 

DB U 1 296,17t756 discloses a system, in which a shunting control is carried out 
on die primary side, with a feedback, cm the pnmary side, of outbound flow from the 
beat exchan^, back to the inbound flow of the heat exchanger. H^, die assumption is 
made diat, if the tenqie^atnre of the outbound flow on die primary side ixom die heat 

15 exchanger is kept constant, a constant tenqserature of the hot tap water on the secondary 
side will be obtained. This assumption unccmditionally entails that oscillations of the 
tenq)eiatuze on the secondary side are obtained, since die sur&ces of the heat exchanger 
first must be cooled by die hot tap water. Further, the system does not respond rapidly to 
abrupt increases in the flow of hot tap water, since the regulation is not effected tintil die 

20 temperature on the primary side has dropped. 

The prior art has not recognised die need to take rapid action when the heat 
consumption on the secondary side abruptly changes, Le., when the flow is altered 
incrementally. Hiis means that the control systems often end up in oscillating 
conditions, as far as the ten^erature on die secondary side is concemed* In spite of the 

25 multitude of separate solutions to the partial problems, no system has exhibited 

characteristics, simultaneously allowing a stabile function regardless to the location in 
the district heating system. Most systems in which the ten^)eTature is to be carefully 
controlled on the secondary side have comprised regulatory loops with feedback 
information concerning the current temperature value, whereby countermeasures axe 

30 taken against the deviation of the measured value of the outbound temperature firom the 
desired value of the same. Tims, this system is based on action in dependence on the 
error in the resulting outiDound temperature. Such a system must wait until an error can 
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be detected before countMnieasmes can be taken, which entails a delay of the time point 
when the actual desired heat consumption is altered. 

THE PURPOSE OF THE INVENTION 

The pnzpose of the invention is to obtain a rapid and stable controlling 
equipnjwit in heat exchanging systems, whtrae large variations may occur on flie primaiy 
side as far as inbouiKl temperatures and diffezenti al pressure are concerned, where an 
inqxrovedconsist^ioyof fte hot t£9 water temperature on the cons^ achieved 
without tiae necessity for feedback of the actual ten^erature value from the secondary 
side, for actnaDy Icetqxihg the temperatuxe constant 

These tasks have been solved through fbe chaxacteristics indicated in fte 
accon^anying claims. 

Tbioug^ Ibe inv^on, the risk for oscillations in the temperature is ^^i nti na tM 
on the seccmdary side» ^4uch in a district heating plant conesponds to a hot t^ water 
circuit Often, a cfistdct heating plant also has heat exchange circuits for radiator and 
ventilation systems, for which tiie invention is weU adapted For this type of systems, 
tiie dynamics of load changes are often slower. 

The invention provides improved load adaptability, iadepemdOTt of consumer 
size. Also, the risk for calcification in heat exchangers is reduced significantly, since 
faster control systems with bi^jer precision can counter tempeiature peaks above 60** C. 

Consistency of tiie hot tap water temperature on the consumer side is based upon 
detennination of ttie needed heating power needed to increase (alternatively, in a 
cooling application, to reduce) the temperature of the secondary flow to a d^i^d value. 
The invention is not based upon a dynamic correction of the error between the desired 
and the actual tenqjerature of the outbound secondary medium, which entails that the 
control may be executed wifljout feedback of flie actual tenqjeratore value from the 
secondary side. 

Jn most district heating systems, the invention also ratails that the control system 
may be installed without adjustment of regulatory paianaeters, which strongly reduces 
the time required for installation and service / fine tuning. 

fii a further embodiment, the procedure and the device ait suitable also to be able 
to deal with changes on the secondary side, concerning temperature fluctuations of the 
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inbound water to be heated in tbe heal exchanger. Tids embodlinent is applied when the 
tecoperatore of tlie mborad cold water fluctoates . On the nonnal case, tbe water is 
assumed to have a largeay constant temperatuie.) Tbiougb this embodiment, the same 
Systran may be applied in a gceater geographical region , and for another region 

5 conections^ mainly for possible temperature fluctuations of the inbound fcesb water, 
may tf^V^- place through simple modifications* 

The invention may also be utilised for measuring transmitted power and heat 
quantity, e.g. for NIliTig purposes or follow-up of energy expenditure, and it is also 
^plioahle in cooling ^qaUcations, whesreby only the direction of the heat transport is 

10 changed. 

DESCRIPTION OF THE DRAWINGS, 

Below, the invention will be further described, in the form of a number of 
embodiments, with reference to tbe accompanying drawings. 

15 

Fig. 1 a» schematically shows a connection diagram of the system of the 
invention. 

Kg. I b - d, shows examples of variations of embodiments of the system of 

Rg. 1* 

20 Hg. 2 shows an example of a variation of the system with a hot tap watar and 

Hot Service-Water Circulation (HSWC). 

Bg- 3 shows an example of a connection diagram of a district heating plant, 
including functions for hot tap water control and radiator water control, measuiement of 
heat quantity, error detection, an alarm, and witb means of oommunication to a superior 

25 system. 

Fig. 4 schematically shows an integrated hydraulic unit for ttie control and 
measurement of a primary flow according to the invention, including valve member, 
differential pressure sensor, and temperature sensor, and a control member acting on the 
valve member, which may be integrated in the hydrauUc unit or. alternatively, arranged 
30 onthesame* 

Hg- 5 shows a section through an integrated hydraulic unit comprising several 
cxscurring functions of tbe invention, for a heat Mdiange circuit 
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Kg. 6 shows thiee heat exchangers, each connected to an integrated hydraulic 
unit, intercoimected for mutuaj connection of primary flow and three separate 
connections for secondaxy flows, and a conunon control unit. 



5 DESCMPTION OF EMBODIMENTS 

Hg, 1 a shows an implementation of the inv^tion in a district heating station of 
a consumer. The station comprises a heat exchanger 1, comprising a prim a r y circuit 3, 
and a secondary circuit 2. The inbound primary flow 3i to the primary circuit 3 is 
constituted by hot wat^ from the central heating system, while the outbound primary 

10 flow 3u is constituted by recycled water. The secondary flow 2i of the secondary circuit 
2 is constituted by incoming firesh watar, heated in the heat exchanger 1, while the 
tapped secondary flow 2i is constimted by heated hot tap water* conducted to the taps of 
the end consumer or the customer. When the temperature of the inbound secondary flow 
2i can not be assumed to be otherwise known (fCH- instance, through being constant and 

1 5 Jmown beforehand), a temperature gauge is arranged in the inbound flow 2i (shown with 
dashed lines in the figuies). 

A flow meter 4 is arranged in the secondary cixcuit 2i - 2u, preferably on the 
opening side, and the signals of wiuch f!^ flow zneter is directed towards a control u^ 
7. On the primary side, afirst temperature gauge S is arranged at the inbound flow 3i, 

20 and a second temperature gauge 9 is arranged at the letom flow 3u. Tbe output signals 
&om these gauges are transzmtted to the control imit 7. 

For the control of the flow 3 throng the primary side, a control valve 5 is 
ananged in the primacy dicuit, preferably on the rietum flow 3n, which gives low^ 
tempecatute and cavitatioa loads on the valve. The degroe of opening* a, of ibe valve is 

25 regulated by a ccmtrol member 2S, which in turn receives control signals from ttie 
control unit 7. 

In the shown gnbodiment, a pressure difference gauge 6 is used for 
detenninatlon of the flow flirougji the primary circuit 3i - 3u, which gauge is connected 
between the inlet and outlet of the control valve 5 . 
30 InHg. lb, an embodiment similar to the one shown in Fig. 1 ais shown, but 

ha» the control inamber acdng on the prhnary dicult is constituted by a pump 1 1 
a pmdetexmined relation between the flow 3 fbrou^ the same as afunction of tiie 
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lotaiion speed, andtije diffeience ptessme across Hie pcunp. Tha diffeaceoce piessine AP 
across the pomp is measuredby a pressute diffeawnce gauge 6. Hie control unit 7 
controls fee rotation q)eed of «he puinp to die desired priinary flow 3. 

Anottier embodiflient is shown in Hg. Ic. where the control of the desired flow 
5 taloesplacebyineasuiingthBpriinfliyflow3 withaflow gai^e 12, and by tegulatins the 
opening degree of Ae valve, fi. to a desired prjmaty flow CN. B. , local tegolatory loop 
with feedback of tiie actual flow value). 

Xh© embodiment of Hg. 1 d is a fouttb variety, in which the flow measurement 
is ^ected by means of a stationary constricting meniber 13, and a gauge 6, arranged 
1 0 across it, for measurement of the diffeiencse pressure across the constricting member. 

Rg. 2 shows an embodimBnt, where incoming fresbwato 2i on the secondary 
side is constitatBd of a mixture of cold water and recycled, so called HSWC flow of hot 
water. Jn this case, a varying temperature of the inbound secondary flow 2 is obtained, 
whereby a tenqwraWte gauge 10 for measuring this temperature Tsin has to be included. 
1 5 Fig. 3 shows an embodiment of the invention in a district heating station, wbrae 

a number of occurring ftmctions have been included. The functions of the exan^le 
combes bot t^ water control and radiator water control, and measurement of total 
traasfrared beat quantity in the respective circuit, as well as presentation of this 
information via a communioation link (com) to an external superior system. Diagnostic 
20 fnnctions for the heat exchanger and the other components of tbe station, implemented 
by means of measurement values occmring in the system, and communication with the 
superior central via (com), are contemplated to be part of the fimctions caaied out by ibe 
control unit 7. Sensors for resulting oufljound secondary temperatures are contemplated 
to occur for any control and / or alarm upon failure in the control fhnction and / or tbe 
25 measurement of heat quantity (whereby this sensor value is not used in the dynamic 
t^nperature consistcacy). 

Basic theory for Ibe control 

The invaition is based on diat the yielded / ifcsarbed power of the primary 

dicuit is to be controlled towards a cmrently desired siqiplied / removed power to / from 
30 the secondary rnedium, in order to change the teoq>eratHie from tbe current teu^e^ 

of the inbound secondary flow to a desired temperature of ibe oulbound secondary flow. 
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This is canied out tiiiougb control of ib& flow in the pzimflry circuit in dependence of 
tiie diffeirace betweea the teo^eratuxes of the inbound and outbound primary flows. 

In general^ for tbe primary and secondary dxcuits of beat exchangers: 

5 

Q'=:m^(h(Tin)-fi(Tcut)) (A) 

Where Q* ccoesponds to the power transported by the circuit to the heat 
excfaangBTt m corresponds to the jnasa flow in the circuit, h(T) corresponds to the 
10 enthalpy of the medium (energy per mass unit) at temperature T, Tout corresponds to the 
temp€3»ture of the outbound flow, and Tm corresponds to the temperature of the inbound 
flow. 

Equation (A) may be written alternatively as: 



15 e'=m*Cp*4r (A2) 

where Cp is the heat capacity of the mediumt and AT = Toat- Tin. 

The desired effect supplied to ttic secondary medimn, - Q 'seuuttndf order to 
achieve the desired temperature of the outbound secondary flow, is governed by the 
equation: 



20 



QsauMniti — ^'hec ^ (hue C^scc^uLjesired ) " hsec (^ucjn)) (A3) 



where msec corr^ponds to the mass flow in the secondary circuit, hset^T) 
corresponds to the enthalpy of the secondary me d ium at temperature T, Ts«u»<-flea»d 
25 corresponds to the desiied temperature of the outbound secondary flow, and TseOn 
corresponds to tht current tenqpesratuxe erf the inbound secondary flow , 

During heat exchan^ there is a power balance where the sum of supplied power 
via the primary side Q 'prim, via the secondary side Q and via any leakage fi W to ihe 
beat exchanger equals tbe increase of the energy stored in die heat exchanger per time 
30 unitj2Wi«^- 



e^Kc^QW+eW+Qtoife (B) 
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The ijD vention comprises control of the powear yielded from Hie primary side 

5 Q*px«m=^Q'«jtetei*QW + Q*vx (B2) 

If tbe leaka^ effect is negligible, iQ W is also set to zero, which gives: 

Q'prim'Q'seiuiM + Q'y^ (B3) 

10 

During load changes it may be ^propriate to consider Q W which constitutes a 
dynamic effect of changes in stored energy in the heat exchang«a:. For example, a system 
may be controlled by means of a regulatory valve with a relatively low speed of 
adj ustment. This will, e.g. in the case of a r^id reduction in load, imply that the primary 

15 circuit delivers more energy than desired, as long as the control member has not reached 
the desired position. The supplied "surplus energy" is partly stared in tiie heat 
exchanger, and will «itail a temporary increase of the outb ound secondary tenaperature . 
This increase in temperature may be minimised by means of that the control is 
compensated for the surplus energy in tbe heat exdiangOT by temporal 

20 supplied primary power unta the smplus energy has been removed by the secondaiy 
flow- 

Ih stationary condition, the «iexgy stared in the heat exchanger is not alt^^d, L e. , 
= 0. which when inserted into equation CB3) gives: 



25 Q'pdm = Q Wdcsirtbd CB4) 

Insertion of equation (A) applied to the primary side, and (A3) into equation 
(64) yields: 

30 )-hs^(T^)) (O 
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Elimination o{ Tttprua^oesind f^wa equation (C) gives the basic control principle of 
the invention in the form: 



10 This basal contrtyl principle nmy be evaluated in different fanns and with a 

differing degree of approximate simplifications, some of which are shown below. Hows 
are often determined in the form of vodimie flows, and it is thus not necessary to 
recalculate equation (p) for volume flows. For mass flow, m: 

15 m = «*p CE) 

where q is the volume flow and p is the density. Since p is ten^>^ature 
dependent, the temperatuie at which a volume flow is detennined should often be taken 
into consideration. Assume that 1h& volnrx^ flow of the secondary side qxc is determined 
20 at the inbound side, andthatthedesiredflowof tbepriinary side gp,i,„_^/«^is 

determined at the outbound side. After insertion of equation (B) into equation (D), the 
equation may be solved for Oprmuusirad' 

P»e C^^ecJii) fhec (TgetuMiuiesirtci) — ^ite C^secjn) 

Pprmi (Tptwu»u) ^Htn C^ptUnJn) ^ hprim (Tprim_fiut) 

If die volume flow is detennined elsewhere, equation (E) should be applied at 
the temperature of the meditma at the volimie measurement location. For the enthalpy 
30 h(T): 

hCD^p^T 



where is die beat capacity (enetgy per unit weight and degree). 
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Insotion of equation (O) into eqtiatton (F) gives: 



Pprfm Cp(pTim) * ^Tprim 



1Q By use of l3:ie same media in tbe pztniaiy and secondaxy ciicuits, and tbe 

tempetatuie dependence of p and Cp is neglected (Psec = Pptim \ fpf j»cj = ^Pdeci) > the 
equation CP2) may be reduced to: 



16 <^^) 



8' 



Thus, the invention may be evaluated according to several msm at less 
appmximate me&ods (e,g*, by control according to equation D, F, E2 or P3), Tbey all 
have in common that tfaey are based on a parameter array, diaracteristic of the cufhalpy 

20 diff a^uce (Ah) betwem tbe primary flow (3i) inbound to the heat exchanger ( 1) and the 
secondary flow C3u) outbound from the heat exchanger (1), e,g. a number of points for 
the function h(T) in the primary medium in a temperature range characteristic for tbe 
application, and Tpxa^cwt, Tpdnua- An exan^le of an alternative cOiaracteristic parameter 
array for said enthalpy difference is constimted by the heat capacity Cp for the primary 

25 medium in a tempecatme range fliat is relevant far.tbe application, and the temperature 
difference ATim* 

Similarly, di&eszent dharactedstic parameter arrays for the mass flow imt^d in tbe 
secondary ciiOTit (2) ajMi flae jiiass flow (mpriin) i^ 
according to the invention* 

30 
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The constniction of the regulatory valve 

The valve 5 may b© of different design, with flow characteristics for the 
pditicular coBslxuction kaowru Exampies of valves include seat, sliding, ball or 
mushroom valves. When using a sliding valve, which is affected by an opening / closing 
5 regulating screw, the znagmtude of the opening is substantially proportional to the 
stroke a. 

For each type of valve, the flow characteristics kv(a) luay be detennined, 
depending on the current pressure across the valve APvaivei the flow through the valve 
Qvajve» and the degree of opening a of the valve. Thus, the flow through the valve is 
10 detezmined by the relationship 



15 from which may be solved; 

and 



20 



CO 



4^vtm (J) 

where ^(x) is the inverse junction of Kv(x). 

25 Cimtrol ftinction on a valve with differential pressure measurement 

During use of a valve, the position of the valve is controlled so that a correct 
flow is obtained For each type of valve, it is possible to detecmine etopirically &e 
obtained flow, based on of the current valve position and differential pressure across the 
valve. 

30 The valve position a, desired for control, may be expressed as a function of the 

detected flow of the secondary circuit, the detected temperature difference on the 
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pnmary aide, 46 detected diffcraitial pressme over flie regulatory valve, and the desired 
temperature diSezence of ^ secondary dzcuit. 

For each desired flow in the primary circuit, control of the valve position a may 
5 be effectuated according to the equatioxL: 



10 



(J2) 



which, upon inseirtion of equation (P) into equation (Jl). yields a form of the 
control ptinciple of the invoition: 



15 



20 



25 



30 



or, Upon insertion of CP3)into (J2): 




(K2) 



since the same heat carrier is used on the primary and secondary sides, and since 
the temperature depwidence of p and Cp is neglected. For each valve, current inverse 
flow characteristics fcv(x) (and / cs: its flow charactesristics kv(x)) may be empiricaUy 
determined. 

Determination of the differential pressure APvaivt is contemplated to be able to 
be perfoEmed in an arbitrary way^for escample, by means of a pressure difference gauge 
connected upstream and downstream of the valve, or by means of a first absolute 
pressure gauge for measuring the pressure PI upstceam of the valve and anoth^ 
absolute pressure gauge for naeasuring the pressure P2 downstream of the valve. 
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Measurement of power and beat quantity 

Measxirement of supplied efEect and heat quantity may be conducted on the 
primary side and / or the secondary side of a heat exchange* based on equation (A). 
Equations (H) and (EX applied to the medium in the valve, inserted into equation (A) 
5 gives: 

where T|<i»_vaiv© is the temperature of the primaiy medium in the valve . ff the 
10 valve is placed in the outbound primary flow (3u) from the heat ^changer, Tpri^n^vaWft s 
Tpriauotti. and, respectively, if it is placed in the inbound primary flow (3i) to the heat 
e xch a ng er, Tpjs])\.vaive — TjuudJu. 



15 



After insertion of equation (O) into equation (L), the alternative equatioa 

Q'pnm « PpHm (Tprinu^) ''K(a)^ ^/(Ap^ ^Cp ^Atprin, QL2) 



is obtained- 

Accordmg to a prefeirod eanbodimeat of the invention* the power supplied at the. 
20 primary side is governed partly through deteimination of the temperatures Tpn2^JIl, 

TpoBLjcoti ^d the differential pnessuie APvaivc over a regulatory valve placed downsoieam 
of the outlet of the primary side; and partly through knowledge of the characteristics of 
the valve kvCa) and the percentage opening a, and the density and mthalpy of the 
primary medium, which values are used for the calculatiou of according to 
25 equation (L), alternatively CL2). 

By integrating the efiEect yielded during apedodof time tl - 12, the heat quantity 
supplied by the pdznary circuit donng iMs period is obtained. 

iz 

30 Qpfim ^ /(Q'prm) d t 



Equation QL) inserted into equation (M) yields: 
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The mtegratioii may be cacded out, e.g,» by determination and summation of 
partial mffrgi^ *»^» which eoeT;^e6 are determined as products of periodical 

average power values Q^^r^j and fbe corresponding tiipe periods for the f ormatio n of the 
avraage value of Ati: 



15 AjDCording to a preferred embodiment of the invention, yielded power and heat 

quantity is detmnined also on the secondary side. Hoe, the determina-tlon is based on 
the temperatures Tsepjn and Tsccjwt* (measured by a fourth temperature gauge) and a 
flow value qsec* (measured by a flow gauge or determined in some odier way, e.g., 
ttirough a rpm-controUed pump with known characteristics) and on equation (A). 

20 If a stationary state is assumed and heat leak^e from the heat exchanger is 

neglected, the value of the yielded effect and heat quantity on the primary side 
constitutes a first measure, and the value of yielded effect and heat quantity on the 
secondary side constitutes a second measure of die power Q' and the heat quantity Q 
that has been transfecred in the heat exchanger. Either one of these two indep^tteitly 

25 determined measures of yielded ^ect and heat quantity may be utilised e.g. for billing 
or f ollow-i^ of energy expenditure. 

By comparison of these wo indq»end^tly determined measures, the security ctf 
the system can be increased. Ftar exanqde, the re du n dant values of Q' may be used in 
order to g^xitt^at&analami when the measures are not reiid>le if said roeasure 

30 f rom each other by mote torn a given acceptable value of, say. ± 10 %, or preferably ± 2 
of the hi^isr value. 

A second area of utilisation could be to, based on the detemodnation of Q' 
throu^ either of mediods, switch the system into reserve mode, pr^ 
error in a meastaanfflt signal, which is included in detemunation of Q' according to the 
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other metiiod, was detected in a diff^neixt indepexulfint manner. Example: if it is 
determined, e,go through a leasonability check, that a temperature gauge on the priniary 
side is out of order, it is possible to determine a reserve value for the broken gauge by 
using a value of Q* determined on the secondary side. In similar manner, reserve values 
5 may be calculated for any gauge, for which error has been detected through an 
independent method* 

A third use could be to self calibrate a gauge or e.g. the valve characteristics in 
the same way used to calculate spare values in Ae case of a faulty gauge. 

10 INTEGRATED VALVE X3NrrS 

In order to simplify manufacture and assembly of sj^terns according to the 
invention, several functions may in a preferred embodiment be brought together into an 
integrated valve oniti which jxmy be produced as a semi-manufacture for subsequent 
asserubly into a complete system. Hg. 4 schematically shows an integrated hydraulic 

1 6 unit for the control and measurement of a primary flow according to the invention, 
includmg valve noiember, differential pressqze sensor, and temperature sensor, and a 
control merDber acting on the valve member, which may be integrated in the hydraulic 
unit oTft alternatively, arranged on ^ same. This hydraulic unit may advantageously be 
used to control the primary flow and measure the difEerential pressure across valve 

20 inembers, and die temperature of the primary flow at Ae valve* 

Several functions / components may be integrated into a hydranlic unit 40, 
shown in Hg. S, comprismg a first channel 56 between the pipe joints 41 and 42 for 
connection to the distdct heating system and the heat exchange, respectively, and 
branches 43 and44toany ac^acent further hydraulic units; see Hg. 6. 

25 In tiie channel 56, a valve member 53 is arranged, which is controlled by a 

ccmttol m^nber S4. Gauges 61 and 62 are arranged on both sides of the valve member 
S3 for measuring the pressure difference upstream and downstream of the valve 
member. Gauges 8 are also arranged in the channel 56 in order to determine the 
fi'^Tnp^n'atfir* th^ Tedium in the channel 56. A second channel 57 is arranged in the 

30 hydraulic unit 40, which channel may be connected via the pipe joints 45 and 46 to the 
^T^Kr^rin^ Tn*^"™ difitrict heatiTig syfitfiML and to tha hftai eacdianper. respectivelV- 

Brancbings 47, 48 fiomtiie second channel 57 may possibly be utilised for connectiiig 
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to adjaceat furtfaer hydiaidic units. Gaugps 9 are also arranged in the other channel 57 in 
order to deteradne the tBmpetamre of the medium in this channel. A third and fourth 
channel 58 and 59 ate also part of the hydraulic unit 40, with pipe joints 49 and 51 for 
connection to the heat / cooling consunaer. and pipe joints 50 and 52 towards the heai 
ffKohf^Tig«r Tn oTtigr to determine the temperature of the medium in the channels 58 and 
59, gauges 55 and 10 are arranged in the respective channel. In order to determine the 
flow of tlie mMi^iT^ in the channel 59, a gauge 70 is arranged. Contact members (not 
shown) for connection of power lines to and finom the hydraulic unit 40 aie provided, 
which transfer measurement and / or control signals. 



The integrated hydraulic unit in Rg. 4 naay be produced advantageously in the 
fomi of semi manufacture for subsequent assembly into a complete system, for example 
as shown in Fig. 6. The hydraulic units entail potential advantages in addition to those 
already mentioned, through the considerable simplification of the lying down and 
15 connection of primary and secondary circuits. 

FURTHER EMBODIMENTS 

Jn die most common embodiment^ the outbound temperature &om the heat 
exchanger 1 of the secondary flow 2 is constanU e.g., 55° C. Of course, this could also 

20 be a manually or automatically adjustable desiied value. The contxol unit 7 may obtain 
an adjustment of the desired value, for example by a potentianoeter. A c^tain manual 
adjustment n:iay talce place, depending on desires of hot water consumers, or adjusted to 
(he cunsnt season of the year. Pdr examjrte, dming winter, there may be demand for a 
slightly warmer hot tdp water in order to compensate for heat loss betwem the heat 

25 i^v/"Hft«igftr and the most remote users. Corzection of the seasonally dependent outbound 
tenqMerature on the secondary side may also be efSscted autamaticaUy in the control unit 
according to a predetemdned compeiisadan curve and / or a sigrial finom a^ 
teo^iecature gauge* 

hi one ^plication of the invention in a systmi where the heat exchanger is to 
30 heat aradiator circuit, corresponding correction is needed in most cases, depending on 
the outside temperature, as well as carzection of the temperature of the inboxmd 
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secondary flow. In tbis implementation, too, tbsro is no need for a direct feedback of tbe 
temperatuic of the outbound flow on tiie pnniaiy side. 

The control member for tixe regulatory valve maybe of several different kinds, 
and possess a control signal corresponding to the cuzroxt control member* For example, 

5 valves witix a servomotor controlled by PWM (pulse width modulation), or with flow 
control proportional to the control current or voltage, msy be used 

The method of the invffltlon may be adyanta^ously conolmied with diagnostics 
for the heat eocdxanger. fa those embodhnents where Ibe differential pressure across the 
valve is measured, an initial clog^g on die primary side (caused by calcium deposits, 

1 0 dirt etc.) may be detected by analysis of the pressure drop with time for a given opraing 
degree of the valve. P ming initial clogging, the pressure drop across the regulatory 
valve drops for a constant flow, since an ever-increadng pressure drop will be absorbed 
by the heat exchanger. Evaluating changes in the heat transfer of th& heat exchanger may 
also perform the diagnostics. For «ample» the following procedure may be applied: All 

1 5 measured signals (at least the tenap^ratuxe difference in the primary circuit, primary 
flow, secondary flow and the desired tenq>erature difference on the secondary side) are 
saved for a number of differrat load conditions (transferred power) and system 
conditians Cnibound primary tenqierature and pressure). Upon clogging of die heat 
^changer, the heat transfer chaxactedstics deteriarate, \vbich entails a demand for 

20 increasing primary flows. 

The wanted difference temperature ATpnm nxay be calculated based on TprimCnd 
and Tpna(fliio, car directly measured as a teioiperature difference, e.g>, with a thermo 
ft lgf ngnt r 

Since the system contains flow measurement as well as difference temperature, a 
25 calculation of consumed heat quantity for billing of the end consumer may be easily 
introduced. 

Further, ttie system is well suited for reading (calculation of heat transfer), 
diagnosis (clogging), climate control (central adjus tment of desired values), and a 
possible switch off function. Only a single interface to a communicstions link is needed, 
30 wMchintofoce is comiecced to the ccmtiDl or regulatory unit 
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The invention is not limited to use in district beating stations ; it may be used in 
aU applications of which heat exchangers ai© a part, for example, in the petrochemical 
industry or other forms of beat control. 



